previously reported by others, the 3are !ooptop cerrtroid niov-ed downward for 2-4 m i x t e s during the early impulsive phase of the Ears:
Introduction
The motion 01 Aare ribbons and loops is one of the c!eai:est signatures of magnetic ieconnsction in the solar &s.osp!-iere. Decades of fizre obsei-vztions have shown the separatiolz of https://ntrs.nasa.gov/search.jsp?R=20040171637 2020-02-05T04:15:08+00:00Z -2 -ribbons or footpoints and the apparent rise of hot plasma in magnetic loops. These motions have been interpreted as the continual propagation of the reconnection site to new, higher field lines (Kopp & Pneuman 1976) .
It is widely accepted that magnetic reconnection occurs in the corona to power e r u p tive wlai evizts. Becz:ise the featijres in the corona are hard to observe directly, many chromospheric observations have been conducted and analyzed in order to indirectly study this coronal magnetic reconnection. The often-observed flare ribbon separation in Ha! and footpoint motion in hard X-rays (HXRs) are believed to be the chromospheric signatures of the progressive magnetic reconnection in the corona. The apparent motions reflect a shift of emission to neighboring footpoints of newly reconnected field lines (Krucker, Hurford 8~ Lin 2003) . The apparent velocity of the footpoints corresponds to the rate of magnetic reconnection in the current sheet. The model predicts that the speed of footpoint separation is directly related to the rate of magnetic reconnection in the corona. However, Sakao, Kosugi, & Masuda (1998) did not find a clear correlation between the speed of footpoint separation and the HXR flux in the 14 flares observed with the Yohkoh Hard X-ray Telescope (HXT). Several studies of the motion of footpoints in HXRs have been carried out with the Ramaty High Energy Solar Spectroscopic Imager (RHESSI, . Fletcher & Hudson (2002) found systematic patterns of apparent footpoint motion, but the motions varied from flare to flare and did not resemble the simple increase of footpoint separation expected from 2D reconnection models. studied the HXR source motions of the 2002 July 23 y-ray flare. They found the motion of one foot point was correlated with the time profile of the HXR flux for that footpoint, but the motion of the other footpoint was too complicated to interpret in this way.
Decades of observations have also revealed the apparent upward motion of flare loops (Bruzek 1964; Svestka et al. 1987; Tsuneta et al. 1992; hestka 1996; Gallagher et al. 2002) . The observed lifetime of the growing loop system in X-rays is much longer than the radiative cooling time deduced from the loop density. Therefore, new, higher loops must be successively formed to keep the growing loop system visible in X-rays. The successive loop formation results from the upward motion of the magnetic reconnection site. The faster the reconnection rate, the faster the reconnection site moves upward.
Checking the correlation between the flare loop expansion rate and the HXR flux is an alternative test of the reconnection model. Testing this correlation has some advantages over studies of footpoint motions. When the flare images in X-rays do not show much footpoint emissions, such as the April 14-15 and 16 flares in this paper, the speed of footpoint separation is impossible to estimate. Moreover, the speed of footpoint separation is not only related to the magnetic reconnection rate, but also depends on the magnetic configuration in the -3 -footpoint areas. If the magnetic flux is high so that magnetic field lines around the footpoints are very dense, then even at the peak of the flare, the separation speed could be very slow. If the magnetic flux is lower, as may be the case later in a flare, the continual reconnection would lead to a faster footpoint separation. By taking into account both the separation speed (V) and the normal component of the magnetic filed strength ( B ) , Qiu et al. (2004) found a temporal correlation between the HXR flux and V x B , which was believed to be related to the magnetic reconnection rate (Forbes & Priest 1984; , in two flares.
Another interesting phenomenon is "loop shrinkage", first suggested by Svestka et al. (1987) . Because of the short cooling time of hot, relatively dense plasma, the H a loops were expected to be at heights very close to the heights of the X-ray loops. However, Svestka et al. found that the hot X-ray loops extend to much greater altitudes than the Ha loops. TO explain this, they suggested that the hot X-ray flare loops shrink downward while cooling. The scenario they proposed starts with the magnetic field opening and subsequent field line reconnections. Immediately after reconnection, a cusp-shaped, non-potential loop is formed which subsequently shrinks to a potential configuration without a cusp. As the loops start to cool, the density increases due to chromospheric evaporation and the loops move to a lower altitude. Eventually the loop is observed in Ha at much lower altitudes. The shrinkage was revealed by comparing the height of nested flare loops seen at different wavelengths. Forbes & Acton (1996) quantitatively studied the shrinkage of post-flare loops in two flares using the Yohkoh Soft X-ray Telescope (SXT). By using only soft X-ray observations, they did not need to consider the possibility that the observed shrinkage is just the result of the plasma cooling as did Svestka et al. (1987) . The shrinkage they studied is mostly due to the change of the field line from a cusp to a rounded shape. Although the whole flare loop system expands with time, they found that the individual field lines shrank by about 20% and 32% for the two events they studied. Note that although the individual loops shrank, the whole loop system grew upward in the observations. Recently Sui & Holman (2003) reported RHESSI observations of a 2002 April 15 flare.
They found that the altitude of the looptop centroid decreased at -9 km s-' for about 3 mins in the early impulsive phase of the flare, and then increased at -8 km s-' later.
The later altitude increase agrees with previous observations (Bruzek 1964; Svestka et al. 1987; Tsuneta et al. 1992; Svestka 1996; Gallagher et al. 2002) . However, the altitude decrease of the looptop centroid has never been observed before, and it is different from the "loop shrinkage" studied by Svestka et al. (1987) or Forbes & Acton (1996) because their observations support the continual expansion of the whole loop system, i.e. the altitude of the looptop centroid should increase continuously.
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In addition to the thermal flare loop, Sui & Holman (2003) found an extra coronal source 'which was initially connected with the loop at the looptop-before the impulsive rise. The coronal source then separated from the loop at the start of the impulsive phase, and stayed stationary for about 2 minutes before moving outward. Based on the fact that the temperature of the underlying loops increased towards higher altitude, while the temperature of the coronal source increased towards iower altitude, Sui & Hulimu proposed thzit this E-= evidence for a large-scale (-1 . 2~1 0~ km) current sheet between the top of the flare loops and the coronal source during the impulsive phase.
In this paper, we present RHESSI observations of three consecutive flares from the same active region, including the flare on 2002 April 15 disciissed by Sui & Holman (2003) . The detailed analysis of these three flares supports the previous findings. (Table. l), as it approached the northwest limb. All three flares occurred within -10" in latitude and -30" in longitude of one another after allowing for solar rotations; they have similar light curves and morphological appearance, so can be considered homologous. The RHESSI thin attenuators (Smith et al. 2002) were in place throughout the observations of all three flares, thus limiting the lower energy of the X-ray observations to -6 keV.
M3.7 Flare on 2002 April 14-15
RHESSI X-ray light curves in two energy bands (6-12, 25-50 keV) are shown in Figure 1 (top panel). The flare had a typical gradual rise and fall in SXRs. The impulsive phase had multiple spikes, and lasted about 12 min. The HXR flux (> 25 keV) increased abruptly at 0O:OO UT, then decayed slowly after the impulsive phase.
Four of the RHESSI CLEAN images (Hurford et al. 2002) at 12-25 keV around the start of the impulsive phase are shown in Figure 2 '.
-5 -15 and its location did not change with time. This faint coronal source is distinct from the Masuda-type looptop HXR coronal source (Masuda et al. 1994) in the following aspects: (1) the Masuda source typically appears in the HXR images at energies above the Yohkoh HXT M1-band (22-32 keV) ; (2) the Masuda source is usually located a few arcseconds above the SXR looptop, while the faint coronal source in Figure 2 is located much higher above the loop, almost 30" away from the centroid of the looptop.
The RHESSI 25-50 keV images during the impulsive phase most show a bright looptop, which may be due to thick-target bremsstrahlung from electron beams collisionally stopped within the loop due to very high loop column densities . Some of the 25-50 keV images also show very faint footpoints. A sample 25-50 keV image at 00:01:20 UT is plotted in Figure 2 .
Since the flare loops in the 6-12 and 12-25 keV images consistently have a bright looptop, we have used the centroid of the flux within the 60% contour to quantify the location of the looptop source. The altitnde of the looptop centroid is defined, in the plane of the sky; as the distance between the centroid of the looptop and the center of the line between the two footpoints. The altitude of the looptop centroid in the following two flares was obtained in the same way. The correction for projection effects is neglected because all three events occurred close t o the northwest limb, giving only a 10-20% error assuming the flare loop is perpendicular to the surface of the Sun. In this paper, we are only interested in the altitude variation of the centroids, so this error will not compromise our study. Figure 3 shows the altitude history of the looptop centroid. Due to the low count rate in the rise phase of the flare, the integration time of the images was 1 min before 0O:OO UT and 20s after.
Although the resolution of the images in Figure 2 is 7", the centroid can be determined with an accuracy of less than one arcsecond from RHESSI images. When the count rate was low in the rise phase of the flare, however, the loop morphology in the RHESSI images varied from frame to frame. This results in larger errors in determining the location of the looptop centroid. So far, we have not found a good way to estimate errors in determining the centroid location for RHESSI images, except for the Back-Projection images reconstructed with a single grid . Image simulation using RHESSI simulation software might be a solution (Gordon Hurford, private communication). Therefore, in this paper, we limit our study of the behavior of the looptop centroids when the count rate was high enough (2 lo4 counts s-') so that RHESSI images with 20s integration time showed stable and consistent loop structure.
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There are several notable features in Figure 3 : (1) The altitude of the looptop centroid obtained from the 12-25 keV images is consistently higher than that from the 6-12 keV images. This indicates that hotter loops are located higher than cooler loops, in agreement with -6 -previous Yohkoh SXT and RHESSI observations (Tsuneta et al. 1992; Tsuneta 1996; Gallagher et al. 2002; Sui & Holman 2003) . This temperature distribution has been interpreted as evidence for energy release from magnetic reconnection above the top of the loop. The downward and upward motions of the looptop centroids are also illustrated in Figure 4 , where the locations of the looptop centroids, grey-coded by time, are plotted on the central region of the 0O:Ol UT 12-25 keV image shown in Figure 2 . We notice that the looptop centroids in both the downward and the upward motions are clustered on a line, whose direction is far (about 53-56') from the radial direction. The centroid initially moved away from the coronal source above the loop, and then moved toward the coronal source above the loop after 00:04 UT. The downward and the upward source motion is similar to that observed for the following two flares.
M1.2 Flare on 2002 April 15
The second flare occurred at the end of April 15, almost 24 hours after the first flare. RHESSI X-ray light curves in two energy bands (6-12, 25-50 keV) are shown in Figure 1 (middle panel). They are strikingly similar to those for the first flare in almost all aspects, except that the impulsive phase was shorter by a factor of -2.7 (only about 4 vs. 12 min).
RHESSI images at 10-25 keV are shown in Figure 5 . Like the first flare, all the images at energies between 6 and 25 keV show a flare loop with a bright looptop. In the impulsive phase, the 25-50 keV images not only show a bright looptop source but also show two footpoints. A more comprehensive analysis of the event with multi-wavelength data is in preparation . Besides the flare loop, the first two images, which are before the impulsive phase started, show a cusp-shaped coronal source with a rounded tip connected with the loop below. The shape of the coronal source is different from that of the cusps sometimes seen with Yohkoh SXT (Tsuneta et al. 1992; Tsuneta 1996) , which usually have a more pointed tip. When the impulsive phase started, the coronal source separated from the underlying flare loop (Sui & Holman 2003) . The coronal source then stayed stationary for about 2 minutes before moving outward at a speed of about 300 km s-l soon after the major HXR peak of the flare at 23:11:40 UT. Figure 6 shows the history of the looptop altitude obtained from the 6-12 and 12-25 keV images. The altitudes of the coronal source, obtained in the same way as the looptop altitude, are also plotted in Figuire 6. In this figure, we find (1) The loops in the 12-25 keV images are located consistently higher than at 6-12 keV, in agreement with Figure 3 . (2) The looptop altitude in both energy bands decreases from the time of the HXR impulsive rise until the peak in SXRs around 23:12 UT. The altitude decreased about 24% of the initial looptop altitude in the 6-12 keV images, and 23% in the 12-25 keV loops. The indicated linear fits give speeds of 15 and 23 km s-l for the 6-12 and the 12-25 keV bands, respectively. (3) Around the 6-12 keV peak of the Aare at 23:12 UT, the looptop centroid started to move upward at speeds of 15 and 20 km s-' for 6-12 and 12-25 keV, respectively. The downward and upward speeds obtained here are about two times faster than those obtained by Sui & Holman (2003) . In that paper, the looptop centroids were obtained within a fixed rectangle surrounding the looptop region, while in this paper, the flux within the 60% contour of the looptop region was used to determine the centroid. The new method provides a more accurate tracking of the looptop motion. (4) The coronal source stayed stationary at altitude of -25 Mm when the looptop altitude was decreasing. It then moved outward at -300 km s-' starting at 23:12 UT, the same time as the start of outward motion of the looptop centroid.
The downward and upward motions of the looptop centroids are also illustrated in Figure 7 . Although the centroids showing the downward motion are more scattered, the looptop centroids in both downward and upward motions are still clustered on a line. The direction of the upward motion (13" from the radial direction) is closer to the radial than the downward motion (30" from the radial direction). Notice that the coronal source also changed its location to a more radial direction (see Fig. 5 ) when it started to move outward after 23:12 UT. This indicates that the looptop centroid moved either away from or toward the coronal source above the loop, which is consistent with the observations of the April 14 flare.
Among the three flares, this flare is the only one associated with a CME. Starting at 02:26 UT on April 16, SOHO/LASCO C2 and C3 observed a large coronal loop propagating at a constant speed of -300 km s-l, Le. the same as the speed of the RHESSI coronal -8 -I source after 23:12:09 UT. The large coronal loop in LASCO C3 images was too faint to be seen beyond 16 k. Assuming the coronal source in the RHESSI images continuously moved outward at 300 km s-', we estimated the location of the coronal source at 02:26:00 UT on April 16, when the large coronal loop was first seen in the LASCO C2 image. At that time the coronal source would have reached the inner edge of the coronal loop in the C2 image. Therefore, it is most likely that the outward moving coronal source is part of an ejected plasmoid (or a large-scale, helically twisted loop) with two ends anchored on the Sun, such as has been reported by Shibata et al. (1995) and Ohyama & Shibata (1998) using Yohkoh SXT. The RHESSI X-ray light curves of this flare in two energy bands (6-12, 25-50 keV) are shown in Figure 1 (bottom panel). They are very similar to those in the earlier two flares. There was a pre-impulsive burst at 13:03 UT. The impulsive phase lasted about 14 min. Compared with the two earlier flares; the coronal source in this flare is very bright relative to the looptop when the peak flux (indicated in Fig. 8 ) of the RHESSI 12-25 keV images is low. At 13:05:20 UT, in particular, the coronal source is almost as bright as the looptop. In the next image at 13:06:20 UT, although the flux of the coronal source above the loop did not change, the flux of the looptop increased by a factor of 3. This means that the coronal source was only -20% as bright as the looptop. Therefore, later in the flare, the ratio of coronal to looptop source intensity became even smaller. The limited dynamic range of the RHESSI images (-1O:l with the present calibration) most likely explains why the coronal source disappeared from the images later in the flare. Figure 9 shows the altitude-time profile of the looptop centroid and the coronal source above the looptop. Before the HXR impulsive rise at 13:06 UT, the altitude of the looptop , -centroid increased steadily in both the 6-12 and 12-25 keV bands. This big altitude increase can also be seen clearly in Figure 8 . The earlier RHESSI images show that loop emission came mainly from much lower altitudes than the loops in the later images. When the impulsive phase started, the looptop centroid in the two energy bands stayed at the same altitude for about 2 to 3 min before moving downward. That the loops maintain their altitudes around the impulsive rise was also suggested in the earlier two flares (see Fig. 3 and Fig. 6 ). We also notice that the altitude decrease in the two energy bands did not start simultaneously. The looptop altitude in the 12-25 keV band started to decrease about 1 min earlier than in the 6-12 keV band. This non-simultaneity in two energy bands is also indicated in the April 14-15 flare (see Fig. 3 ) .
The looptop altitude in both energy bands decreased until 13:11:40 UT. The altitude of the looptop decreased about 16% of the initial altitude for the 6-12 keV loops, and 30% for the 12-25 keV loops. Linear fits give speeds of 8 and 12 km s-' for 6-12 and 12-25 keV, respectively. Immediately after the major HXR peak at 13:11:40 UT, the looptop altitude in both energy bands,started to increase with average velocities of 3 and 4 km s-' for 6-12 and 12-25 keV, respectively. This is much slower than for the earlier two flares. Because of the relatively low velocities and the scatter in both energy bands, the correlation between the loop expansion rate and the HXR f l~~ cannot be determined. Figure 10 shows the location of the looptop centroids foL the 12-25 keV band plotted on the central region of the 12-25 keV image at 13:ll:OO UT. Like the two earlier flares, the looptop centroids in both the downward and the upward motions are clustered along a line between 24" and 30" from the radial direction, and they moved first away from and then towards the coronal source above the looptop.
Discussions and Conclusions
We have presented RHESSI observations of three homologous flares from the same active region. Results are summarized in Tables. 1 and Some of these features have been seen before. The altitude increase of flare loops has been reported by Bruzek (1964) , Svestka et al. (1987) , Tsuneta et al. (1992) , and'svestka (1996) . The temperature distribution of loops was seen by Moore et al. (1980) , Svestka et ai. (198Tj, and Tsuneta et a!. (1992) . The .!tit~dp increase of the looptops leads to the interpretation that the energy release occurred at higher and higher altitude in the corona. The observations of higher temperature loops located higher in altitude than cooler loops support the scenario of energy release above the top of the flare loops. At any given time, the outer, higher loops just formed are filled with hot plasma, whereas the inner, lower, loops were formed earlier, and have now cooled by radiation and conduction (Tsuneta 1996) .
In the flare of April 14-15, we found a correlation between the loop growth rate and the HXR (25-50 keV) flux of the flare (Fig. 3) , as expected in the classical reconnection model (Carmichael 1964; Sturrock 1966; Hirayama 1974; Kopp & Pneuman 1976) . The faster the reconnection site moves up, the faster the reconnection rate. More energetic electrons are produced and, therefore, more HXR emission is observed. We found that the increase in the upward speed of the looptop source was delayed by 20-40 s with respect to the rise in the HXR flux. This time delay could be the time scale of the chromospheric evaporation.
Observations have indicated that the speed of chromospheric evaporation at the impulsive phase of the major eruption varies from 300 to 800 km s-' (Antonucci, Dodero, & Martin 1990 , and references therein). For the April 14-15 flare, the loop height is about 30 arc sec (or 2 . 0~1 0~ km), so it would take 20-60 s to fill a loop, in agreement with the RHESSI observation. Therefore, the flare loops may be formed by plasma evaporation due to an electron beam striking the lower atmosphere (for the flares with lots of footpoint emission in HXRs, such as the April 15 flare). Alternatively, they may be due to thermal conduction (for the flares with much less footpoint emission, such as the April 14-15 flare and the April 16 flare).
The previous observations indicated a continuous expansion of the flare loops (Bruzek 1964; Svestka et al. 1987; Tsuneta et al. 1992; Svestka 1996) . The observations we present here show a different scenario. Early in the impulsive phases of the three flares, the looptop centroids move downward instead of upward. One possible explanation for this apparent downward motion is that the reconnection site moves horizontally along loops in an arcade toward Sun-center, giving the impression of an altitude decrease. However, the following points argue against this possibility: (1) By checking the time history of the footpoint centroids in the April 15 flare, which is the only flare with consistentIy strong footpoint emission in the impulsive phase, we did not find any systematic footpoint motion. (2) For all three events, the altitude decrease and the speeds of downward motion are often -11 -significantly different in the 6-12 and 12-25 keV bands (see Table 2 ). This is in conflict with the assumption of motion along an arcade. (3) The non-simultaneous start of the downward motion of the looptop source in the 6-12 and 12-25 keV bands for both the April 1415 flare and the April 16 flare also is in disagreement with this kind of motion along an arcade.
Our preferred explanation (Sui & Holman 2003) for the change in the measured position of the centroid is that the sources did, in fact, decrease in altitude early in the impulsive phase of all three flares. Based on the observational results, we propose two possible scenarios to explain this initial apparent fall of the looptop sources. Of course, some combination of these two scenarios could also be operating. Both scenarios assume that the energy is released above the loops by magnetic reconnection in the standard flare model, but use different mechanisms to explain the apparent downward motion. In the first scenario, the downward motion results from the relaxation of the newly reconnected field lines from a sharp cusp to a more semi-circular shape. This is similar to the model proposed by Svestka et al. (1987) and Forbes & Acton (1996) but on a much shorter time scale. The -2-4 min duration of the decrease in altitude in all three flares is consistent with the time taken for the loops to change their shape in this way (Lin et ai. 1995; Lin 2004 ). In the second scenario, the initial downward motion results as the reconnection changes from slow X-point to the much faster Petschek-type (Petschek 1964) . As this change takes place, not only would the energy release rate increase dramatically, consistent with the start of the impulsive phase, but also the lower bound of the current sheet would be pushed downwards, consistent with the observed initial decrease in altitude of the looptop source. In both scenarios, once the looptop source has reached a stable lower altitude where it can go no lower, the general rise of the current sheet would dominate over the other effects, and the centroid of the source would rise monotonically as higher and higher loops are created, in agreement with the observations for all three flares. In two of the flares (the flares on 15 and 16 April), this upward motion starts as the 25-50 keV flux begins to decay, suggesting a further transition in the reconnection process to the slower Sweet-Parker type (Parker 1957; Sweet 1958) .
The dawnward motion of the looptop centroid early in the impulsive phase of the flares has only recently been recognized. The coronal source in the 2002 July 23 y-ray flare also shows a noticeable downward motion early in the flare (see the right panel of Figure 3 , . The recent event analyzed by Liu et al. (2004) using RHESSI data shows a similar of downward motion, suggesting that the downward motion of the looptop may be a common feature. Ultimately, the best way to show that the observed downward motion of the looptop centroid is a change in altitude is to search for similar effects in other flares at different locations on the solar disk, but that is beyond the scope of this paper.
-12 -The stationary coronal source above the flare loops has never been observed. A moving coronal source or plasma blob above flare loops has been observed before (see review by McKenzie 2002) . The velocity of the coronal sources is in the range of 30-400 km s-' . One event on 1992 October 5 reported by Ohyama & Shibata (1998) had a i;!xms blob above B 8are hop. The long-exposure SXT images revealed that the plasma blob was penetrated by or connected to the top of a large-scale loop. It was interpreted as a plasmoid (a large-scale helically twisted loop) resulting from magnetic reconnection. In the classical reconnection model (see review by McKenzie 2002), magnetic fields of opposing directions cancel out in the current sheet, and the tension that exists in the resulting nonpotential field causes the expulsion of two oppositely directed jets. One jet appears as a plasmoid with embedded magnetic field moving upward, while the other downward directed jet piles up to form the arcade. Therefore, the outward moving coronal source or plasmoid is included in the model. Here we present a somewhat more complicated scenario. In the three events, a coronal source appeared near the time of the HXR impulsive rise, and was observed to stay stationary for 1-2 mins before disappearing from the images (April 14-15 and 16 flares) or moving outward (April 15 flare). Since the three flares occurred in the same active region and seem homologous, it is reasonable to assume that the coronal source in the April 14-15 and April 16 flares would also have eventually moved outward. As discussed above, the reason we do not see them moving outward is probably due to the limited dynamic range of the RHESSI images.
Since the stationary coronal sources are usually much weaker than the flare looptop, we must consider the possibility that these coronal sources are artifacts of the imaging reconstruction process. The systematic variation of theses sources with time and energy argues against this. Simulations using RHESSI simulation software are in progress t o determine at what level the artifacts might become important. These will be presented in a future paper.
There are many models of solar eruptive events: the kink instability and filament eruption model (Cheng 1977; Hood & Priest 1979) , the tether cutting model (Moore & Roumeliotis 1992) , the flux rope model (Priest & Forbes 1990; , the magnetic breakout model (Antiochos 1998; Antiochos, Devore, & Klimchuk 1999) , the quadruple magnetic source model (Uchida et al. 1999; Hirose et al. 2001) , etc. For the purpose of interpreting our observations, we use the flux rope model because it not only predicts magnetic reconnection in a current sheet above the observed hot flare loops, but it also predicts the evolution of the extended, long-lived current sheet. In their model, ,proposed that the converging photospheric flow or flux emergence leads to the formation of a sheared arcade field containing a flux rope. Two photospheric field sources approach each other until a catastrophe point is reached and the flux rope erupts. The eruption drives reconnection in a current sheet below the flux rope. If the rate -13 -of reconnection is fast enough, the upward velocity can become high enough to allow the flux rope to escape and become a CME. The elongated current sheet can last for several hours and extend many solar radii into the outer corona (Ciaravella et al. 2002; KO et al. 2003; Webb et al. 2003) .
Some of the predications from the flux rope model agree with the observations. Sui & Holman (2003) interpreted the coronal source above the flare loop as the upper tip of a largescale current sheet in the flux rope model. This was based on the temperature distribution of the coronal source in the April 15 flare, i.e. the higher temperature part located lower in altitude than the low temperature part. The model predicts that the speed of the upper tip of the current sheet is in the range of 200-700 km s-l (J. Lin, private communication) , in agreement with the observed speed (300 km s-') of the outward moving coronal source. We also observed the predicated upward motion of the looptop centroid later in the flares, suggesting the flare loops were formed continuously at higher altitudes. Although the angle between the direction of the upward motion and the radial direction varies (see the right panels of Fig. 4, Fig. 7 , and Fig. lo) , the loop always expanded toward the coronal source, agreeing with the flux rope model.
There are some observations which cannot be explained by the flux rope model or any of the other models in the literature. In the April 15 flare, when the HXR impulsive phase started, the coronal source separated from the underlying loop (Fig. 5 ) . It is reasonable to assume that the system had lost its equilibrium at this point. The model predicts that the flux rope is continuously thrust upward after that time. However, the coronal source was observed to stay stationary for about 2 minutes before moving outward. So, what kept the plasma from moving outward early in the flare?
Since the downward motion of the looptop centroid occurs over the same time range that the coronal source remains stationary, we believe they are related to each other, and may be associated with the formation or development of the current sheet. So far, most of the models and simulations focus on the magnetic reconnection after it starts, and do not address how the current sheet is dynamically formed and evolves with time. Hopefully, the observations of the three flares presented here will be an incentive for more theoretical work in this regard. Figure 2 . The integration time of the images was 1 min before and 20s after 13:07:20 UT. For the top two rows, the contour levels are 20%, 40%, SO%, and 90% of the peak flux in each image. For the bottom row, the contour levels are 15%, 30% ; 60% and 90%. A RHESSI 25-50 keV image at 13:.10:20 U T (contour levels showing 60%, and 90% of the peak flux) is plotted on the 12-25 keV image at the same time. The number on each image is the peak flux (cm-2s-1arcsec-2) in 2 arcsec pixels. The box in the image at 1 3 : l l : O O UT delineates the size of the image view in Figure 10 . -27 - 
